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Introduction {#bjs550305-sec-0005}
============

Laparoscopic ventral hernia repair (LVHR), first described in 1993 by LeBlanc and Booth[^1^](#bjs550305-bib-0001){ref-type="ref"}, is a well established technique worldwide, but there is considerable controversy regarding the optimal approach. Two laparoscopic approaches are commonly used in LVHR: simple intraperitoneal onlay mesh (IPOM) and IPOM with defect closure before placement of mesh (IPOM‐plus).

Seroma formation is a common complication after LVHR, leading to an adverse aesthetic outcome, discomfort, pain and infections[^2^](#bjs550305-bib-0002){ref-type="ref"}, [^3^](#bjs550305-bib-0003){ref-type="ref"}. The published incidence of seroma after LVHR is highly variable. Previous studies have reported an incidence rate of seroma detected by clinical examination alone ranging from 0·5 per cent[^4^](#bjs550305-bib-0004){ref-type="ref"} to 35 per cent[^5^](#bjs550305-bib-0005){ref-type="ref"}. Various procedures have been suggested to reduce seroma formation between the mesh and the sac, but only conventional defect closure seems to reduce postoperative seroma significantly[^3^](#bjs550305-bib-0003){ref-type="ref"}. A recent study[^6^](#bjs550305-bib-0006){ref-type="ref"} reported seroma at the 1‐month visit, detected by clinical examination and (if inconclusive) abdominal CT, in 58 per cent of patients who underwent simple IPOM *versus* 25 per cent of those who had IPOM‐plus. It has been hypothesized that the lower incidence of seroma following defect closure is because of decreased dead space in the residual sac. Additionally, other complications such as recurrence and mesh bulging are less pronounced after conventional defect closure than open repair[^7^](#bjs550305-bib-0007){ref-type="ref"}, [^8^](#bjs550305-bib-0008){ref-type="ref"} or simple IPOM[^3^](#bjs550305-bib-0003){ref-type="ref"}, [^9^](#bjs550305-bib-0009){ref-type="ref"}, [^10^](#bjs550305-bib-0010){ref-type="ref"}, [^11^](#bjs550305-bib-0011){ref-type="ref"}. However, in comparisons of simple IPOM and IPOM‐plus, Clapp and colleagues[^12^](#bjs550305-bib-0012){ref-type="ref"} noted the incidence of seroma to be 27·8 *versus* 5·6 per cent respectively, whereas Zeichen *et al*.^13^ reported rates of 4·3 *versus* 11·4 per cent respectively. It is unclear whether these two studies used different criteria to define and measure postoperative seroma, which may explain the contradictory results. Although the incidence of seroma may be lower after IPOM‐plus than simple IPOM, it still remains a common complication and a major issue for surgeons[^3^](#bjs550305-bib-0003){ref-type="ref"}. IPOM‐plus may also cause more postoperative pain and discomfort as a result of the tension created by defect closure[^3^](#bjs550305-bib-0003){ref-type="ref"}, [^12^](#bjs550305-bib-0012){ref-type="ref"}.

Instead of defect closure with suture, the part of the peritoneum constituting the hernial sac may be dissected and used to bridge the defect (*Figure* [*1*](#bjs550305-fig-0001){ref-type="fig"}). This provides additional benefits of a near‐total decrease in the dead space by reducing the residual sac, thereby reducing serous fluid accumulation, while maintaining the tension‐free repair principle, resulting in less postoperative pain and discomfort. Furthermore, peritoneal bridging has the same advantage as defect closure in terms of a greater attachment area for mesh application, allowing improved mesh stabilization and thereby a low recurrence rate compared with simple IPOM[^3^](#bjs550305-bib-0003){ref-type="ref"}, [^9^](#bjs550305-bib-0009){ref-type="ref"}, [^13^](#bjs550305-bib-0013){ref-type="ref"}.

The main objective of the present trial was to assess whether the incidence of seroma was lower after peritoneal bridging compared with a conventional fascial closure approach in a small group of patients, in order to also assess the relative safety and feasibility of the trial during the assigned time interval. Should this trial provide evidence for the relative safety and feasibility of peritoneal bridging compared with the conventional approach, a subsequent trial with a large sample size will be undertaken to better assess whether there is a significant difference in seroma prevalence between the two approaches.

Methods {#bjs550305-sec-0006}
=======

This was a single‐centre, outcome assessor‐ and patient‐blinded, two‐group parallel‐design RCT conducted at the Department of Surgery, Karlskoga hospital. Patient enrolment took place between September 2017 and May 2018. Patients aged between 18 and 80 years, undergoing elective laparoscopic hernia repair for a midline ventral hernia with a defect of 3--10 cm in diameter, were eligible for inclusion. Midline ventral hernia was defined as any hernia in the anterior abdominal wall between the xiphoid process and the superior pubic ramus. Exclusion criteria were: inability to provide informed consent; emergency surgery (for irreducible, strangulated or obstructed hernia); serious co‐morbidities; preoperative suspicion of extensive adhesions; pregnancy or intended pregnancy; BMI exceeding 40 kg/m^2^; and participation in any other study where concurrent involvement in the present study might place the patient at undue risk or confound the study data in the opinion of the chief investigator.

The study was approved by the Ethics Review Board of Uppsala University (2017/120), and all patients provided written informed consent more than 24 h before surgery. The trial was registered at [ClinicalTrials.gov](http://clinicaltrials.gov) (NCT03344575). The CONSORT checklist[^14^](#bjs550305-bib-0014){ref-type="ref"} was followed for reporting of the study.

Trial randomization and blinding {#bjs550305-sec-0007}
--------------------------------

The patients were randomized into two arms: IPOM with fascial closure (IPOM‐plus) and IPOM with peritoneal bridging (IPOM‐pb). Eligible patients were randomized by means of computerized simple sequence randomization. No blocking was done. The patients were enrolled by the surgeon on duty according to the protocol, and generation of the random allocation and assignment of participants according to sequence allocation was completed by the secretary of the department of surgery. The random allocation was concealed by using sequentially numbered, opaque, sealed envelopes. The envelope was later opened in sequence just before surgery. Patients and outcome assessors were blinded to the allocation for 12 months after surgery. The operating staff members were instructed not to disclose the procedure allocation to anyone.

Interventions {#bjs550305-sec-0008}
-------------

All procedures were performed by a single senior consultant with a wide experience of laparoscopic hernia surgery. Prophylactic antibiotics were given at the time of induction of anaesthesia. One 12‐mm and two 5‐mm ports were used. The fascial defect was measured during operation with a sterile tape measure at an intra‐abdominal pressure of 8 mmHg after adhesions had been dissected free. Adhesiolysis was carried out at an intra‐abdominal pressure of 12 mmHg. Fascial closure or peritoneal bridging was achieved at no more than 12 mmHg pressure (10--12 mmHg).

Each patient underwent midline ventral hernia repair using a laparoscopic IPOM technique. The hernial defect was repaired according to the allocation: IPOM‐plus or peritoneal IPOM‐pb. In the IPOM‐plus group, the hernia defect was closed with a 2/0 knotless polydioxanone suture before application of the mesh. In the IPOM‐pb group, the peritoneum was dissected, starting 2--3 cm from the edge of the defect along the path to the midpoint of the hernia sac. The free end of peritoneum was pulled to bridge the hernial defect and fixed with tackers.

The mesh was positioned with a peritoneal overlap. Its size was chosen to ensure at least 5 cm overlap on all sides of the defect. The edges of the fascial defect were fixed with the remaining tacks placed on the outer and inner rim along the closure line, to secure the mesh and to prevent folding (double‐crown technique).

In the event of intraoperative contamination, the laparoscopic procedure was abandoned and converted to open surgery. Patients whose operation was converted remained in the study and were analysed according to intention to treat.

Local anaesthetic (20 ml ropivacaine 7·5 mg/ml) infiltration was given routinely. The skin was closed with intradermal 4·0 Monocryl™ (Ethicon, Cornelia, Georgia, USA) suture. Wound dressings were applied at the end of the procedure according to the surgeon\'s usual practice, and remained unchanged for 24 h unless there was a clinical indication for changing the dressing. Patients were instructed to wear an abdominal elastic binder continuously for 14 days after index surgery, and only during the day for 14 days thereafter.

Patient assessments {#bjs550305-sec-0009}
-------------------

Patients were assessed within 1 month of planned surgery, at operation, and at 1 week, 1 month ± 2 days, 3 months ± 3 days, 6 months ± 7 days and 12 months ± 14 days.

Outcomes {#bjs550305-sec-0010}
--------

The primary endpoint was seroma detected by CT at the 12‐month visit after index surgery. The original primary outcome of seroma volume measured by CT at 12 months was changed after trial registration to better address the research question of whether there was a significant difference in incidence rate of seroma between IPOM‐plus and IPOM‐pb. This change to the protocol was made in November 2017 and updated in [ClinicalTrials.gov](http://clinicaltrials.gov) on 26 January 2020.

Secondary outcomes included: duration of operation; duration of IPOM approach; duration of mesh fixation procedure; clinically detected seroma at 1‐, 3‐ and 6‐month visits; recurrence rate at 12‐month visit; postoperative pain measured by means of a visual analogue scale (VAS) at 1 week, 1 and 6 months, and 1 year after surgery; and adverse events.

Statistical analysis {#bjs550305-sec-0011}
--------------------

The power calculation was based on the clinical presentation of seroma, which for the purpose of this study was defined as a palpable fluid swelling at the site of previous hernia during the postoperative period. Except for one study[^15^](#bjs550305-bib-0015){ref-type="ref"} reporting a 25 per cent incidence, there was a lack of previous reports with a large enough sample size based on the same clinical definition[^16^](#bjs550305-bib-0016){ref-type="ref"}. Therefore, based on the assumption that 25 per cent in the IPOM‐plus group would develop postoperative seroma and 5 per cent in the IPOM‐pb group, in a two‐sided test, a total of 48 procedures would have to be included to reach a 50 per cent chance of detecting a significant difference at the *P* \< 0·050 level.

The incidence of seroma is presented as numbers (percentage; 95 per cent confidence interval), and other data as numbers or median (i.q.r.). Patients who were lost to follow‐up were not included in the analysis from the point of loss to follow‐up. Outcomes were analysed according to the intention‐to‐treat principle. The outcome data were not normally distributed (assessed by Kolmogorov--Smirnov test), so non‐parametric statistical tests were used. Levene\'s test was used to assess the assumption of homogeneity of variances for the Mann--Whitney *U* test that was used for continuous variables. Fisher\'s exact test was used for analysis of dichotomous variables. *P* \< 0·050 was considered statistically significant (two‐sided α). Data were analysed using SPSS® software version 24 (IBM, Armonk, New York, USA).

Results {#bjs550305-sec-0012}
=======

Between September 2017 and May 2018, 62 patients were assessed for eligibility, of whom 25 were randomized to IPOM‐plus and 25 to IPOM‐pb (*Fig*. [*2*](#bjs550305-fig-0002){ref-type="fig"}). Two patients were lost to follow‐up: one patient in the IPOM‐plus group at 3 months, who died from cardiovascular co‐morbidities, and one patient in the IPOM‐pb group at 6 months, who had moved to another catchment area. These two patients were not included in the analysis of follow‐up times they had missed. The 12‐month intention‐to‐treat analysis included 48 patients, 24 in each group. There were no significant differences in patient characteristics or operating times between the groups (*Tables* [*1*](#bjs550305-tbl-0001){ref-type="table"} and [*2*](#bjs550305-tbl-0002){ref-type="table"}).

![Schematic diagram of laparoscopic hernia repair methods **a** In the defect closure approach, the hernia is reduced, the fascial defect is closed with suture and the fascial closure reinforced with mesh. **b** In the peritoneal bridging approach, the hernia is reduced, the peritoneal layer in the hernia sac is dissected, and the protrusion of the hernia wall reduced and reinforced with mesh.](BJS5-4-587-g001){#bjs550305-fig-0001}

###### 

Patient characteristics

                                                                                 Defect closure (*n* = 25)   Peritoneal bridging (*n* = 25)
  ----------------------------------------------------------------------------- --------------------------- --------------------------------
  **Age (years)** [***\****](#bjs550305-note-0002){ref-type="fn"}                       58 (45--67)                   56 (46--62)
  **Sex ratio (M** : **F)**                                                               13 : 12                        16 : 9
  **BMI (kg/m** ^**2**^ **)** [***\****](#bjs550305-note-0002){ref-type="fn"}           29 (28--32)                   30 (28--35)
  **ASA fitness grade**                                                                                     
  I                                                                                          8                             7
  II                                                                                        13                             15
  III                                                                                        4                             3
  **Largest defect size (EHS width classification)**                                                        
  W1 (\< 4 cm)                                                                               2                             2
  W2 (≥ 4--6 cm)                                                                            17                             17
  W3 (≥ 6--10 cm)                                                                            6                             6
  Median (i.q.r.) (cm)                                                                  5 (4--5·5)                     4·5 (4--5)
  **Type of hernia**                                                                                        
  Primary                                                                                    9                             7
  Incisional                                                                                16                             18

Values are median (i.q.r.). EHS, European Hernia Society; W, width.

###### 

Overall outcomes

                                                 Defect closure      Peritoneal bridging    *P*††
  ------------------------------------------ ---------------------- --------------------- ----------
  **Seroma formation**                                                                    
  Based on CT                                                                             
  12 months                                         0 of 24                0 of 24            --
  Based on clinical examination                                                           
  1 month\*                                   4 of 25 (16; 2, 30)‡         0 of 25         0·110‡‡
  3 months\*                                   2 of 24 (8; 0, 19)          0 of 25         0·235‡‡
  6 months                                          0 of 24                0 of 24            --
  **Acute and chronic pain (VAS score)†§**                                                
  Acute pain                                                                              
  1 week**\***                                      6 (6--7)              3 (3--4)         \< 0·001
  1 month**\***                                     1 (0--2)              0 (0--1)          0·045
  Chronic pain                                                                            
  6 months                                         0 (0--0)¶             0 (0--0)\#         0·052
  12 months                                      None reported          None reported     
  **Duration of procedure†**                                                              
  Overall (min)                                   61 (56--70)            63 (53--72)        0·857
  IPOM approach (min)\*\*                         20 (12--26)            15 (11--20)        0·116
  Mesh placement (min)                             11 (9--15)            10 (9--14)         0·424

\*Values in parentheses are percentages with 95 per cent confidence intervals; †values are median (i.q.r.). ‡Seroma score according to Morales‐Conde classification: IIa (clinical seroma lasting less than 3 months), two patients; IIb (clinical seroma lasting more than 3 months), one patient; IVa (seroma that needs to be punctured to decrease symptoms), one patient in whom the seroma was drained after the 3‐month visit. §Measured on a visual analogue scale (VAS) ranging from 0 to 10. **¶**VAS score 7 in one patient, 2 in three patients, 1 in two patients and 0 in the remaining patients. \#VAS score 3 in one patient and 0 in the remaining patients. \*\*Suturing the hernia defect in conventional defect closure approach, and hernial sac remodelling in peritoneal bridging approach. ††Mann--Whitney *U* test, except ‡‡Fisher\'s exact test.

![CONSORT diagram for the trial](BJS5-4-587-g002){#bjs550305-fig-0002}

The rate of clinical detection of seroma was four of 25 (16 (95 per cent c.i. 2 to 30) per cent) in the IPOM‐plus group *versus* 0 of 25 in the IPOM‐pb group at 1 month (*P* \< 0·110), and two of 24 (8 (0 to 19) per cent) *versus* 0 of 25 respectively at 3 months (*P* = 0·235) (*Table* [*2*](#bjs550305-tbl-0002){ref-type="table"}). No seroma was detected by CT at 12 months in either group. One of the two patients with seroma at 3 months in the IPOM‐plus group had an infected seroma that needed to be drained by puncture to decrease the symptoms (type IVa according to the Morales‐Conde classification). There were no significant differences between the groups in other postoperative complications (one of 25 *versus* 0 of 25).

Acute pain was significantly worse after IPOM‐plus than IPOM‐pb at 1 week and 1 month (*Table* [*2*](#bjs550305-tbl-0002){ref-type="table"}). There was no significant difference between groups in chronic pain at 6 months, and no pain was reported at 12 months in either group. There was no recurrent hernia within the 1‐year follow‐up in either group.

Discussion {#bjs550305-sec-0013}
==========

In this study, the near‐total reduction of the peritoneal sac by IPOM‐pb did not lower the incidence of seroma compared with IPOM‐plus.

Although most seromas cause few symptoms and resolve within couple of months[^6^](#bjs550305-bib-0006){ref-type="ref"}, [^17^](#bjs550305-bib-0017){ref-type="ref"}, they may persist in some patients, and cause discomfort and impaired cosmesis. Efforts to reduce the development of persisting seromas may therefore improve health‐related quality of life. In the present study, seroma detected by CT at 12 months was defined as the primary outcome, although defect closure also has a great impact on the risk of long‐term pain[^17^](#bjs550305-bib-0017){ref-type="ref"}.

The present patient‐ and outcome assessor‐blinded trial suggested that peritoneal bridging is feasible and safe. Apart from one patient in the IPOM‐plus group who had an infected seroma that needed to be drained to alleviate the symptoms, there were no other major complications in either group. However, the study did not have sufficient statistical power to assess recurrence rate or serious adverse events as outcome measures. Patients also reported less postoperative pain assessed by VAS score in the peritoneal bridging group. Pain after the index operation was greatest and most significantly different between the groups in the early postoperative period and declined over time. These results suggest that IPOM‐pb may be an alternative that merits further research.

There were some limitations of the trial. During the design of the study, the authors underestimated the feasibility of operating on over 50 patients within 1 year. A larger sample size would have been required to increase the power above the present 50 per cent chance of detecting a significant difference at the *P* \< 0·050 level. To reduce the chance of type II error, future trials should have a greater sample size.

Furthermore, measurement of the primary endpoint could be improved in future trials. To reduce the chance of detection bias of the outcome assessors and increase the feasibility of the present study, patients were assigned randomly to a resident or consultant surgeon working in the department at the time of follow‐up. However, it was realized during the study that the ability to detect seroma clinically might have varied among the assessors, which could have contributed to increased random error as a result of human error. Future trials could reduce this error by measuring the volume of seroma at ultrasound examination performed by a single assessor blinded to the group allocation. Measuring the outcome by ultrasonography would also be better from an ethical and patient‐safety point of view for repeated follow‐up visits in the early postoperative period (within 6 months of operation) as the results suggest that most seromas resolve spontaneously beyond this period[^5^](#bjs550305-bib-0005){ref-type="ref"}, [^16^](#bjs550305-bib-0016){ref-type="ref"}.
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